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We, Peter Mardilovich, Gregory Herman, David Punsalan, and Samson Berhane declare as 
follows: 

1 We are the named inventors in the above-captioned application and the subject 
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matter described and claimed therein. 

2. It is my understanding that various claims in the above-recited patent application 
have been rejected in view of the patent entitled: Depositing Solid Materials, US Patent 
Application No. 2005/0174407. 

3. It is further my understanding that US Patent Application No. 2005/0 174407 was 
filed on December 3, 2002, and published on August 1 1, 2005, 

4. The invention as described and claimed in our currently pending patent application 
was conceived and reduced to practice prior to December 3, 2002. 

5. Exhibit 2 contains a redacted version of an invention disclosure which was 
prepared and submitted to our employer, Hewlett Packard Company, prior to December 3, 2002 
in accordance with our standard practice of disclosing inventions in preparation for filing patent 
applications 
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6. We each declare that all statements made herein of our own knowledge are true 
and that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that wilful, false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code, and thai such willful, false statement may jeopardise the validity of the application or 
any patent issuing thereon. 

DATED this day of June, 2006, 




Gregory Herman, Co-Inventor 



David Punsalan, Co-Inventor 



Samson Berhane, Co-Inventor 
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6/^&> Weg^Ktieclare that all statements made herein of our own knowledge are true 



and that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful, false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1G01 of Title 18 of the United 
States Code, and that such willful, false statement may jeopardize the validity of the application or 
any patent issuing thereon. 

DATED this /V^ day of June, 2006. 



Peter Mardilovich, Co-Inventor 




Gregory Herman, Co-Inventor 




David Punsalan, Co-Inventor 




Samson Berhane, Co-Inventor 
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The information contained In (his document is HP CONFIDENTIAL and may not be disclosed lo others without prior authorization. Submit this 
disclosure to the HP Legal Department as soon ai possible. No patent protection a possible until a patent application Is authorized, prepared 
and submitted to the Government. 



^jjjj^ General Information 



TlUe Reactive Inkjet Deposition. 

Abstract This invention describes the fabrication of any material which Is created by reaction of 
multiple reactants that are locally deposited by means of inkjet printheads. The 
primary application is to fabricate metal lines via the electroless plating technique. 
However the technique may be extended to fabricate patterns of other materials 
requiring multiple reactants (e.g. polymers made by monomer + initiator) . 

Projects Low cost electronics 

Products Biological Sensors, Bioterrorism Sensor , Chemical Sensors, Cross-Point Memory 
Display, Micro-fluidlcs, Micro-Inkjet Printing, Organic Displays and Organic 
Electronics 



3J Attachments 



Attachments £j nJ_for_electfoless.Rw1.ppt -f_3S8-Sr^^»- Major steps of Inkjet 
electroless deposition (Uploaded by Peter Mardilovlch) 
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j2j Description of Invention 



Problems Solved Fabrication of patterned lines (e.g. metal interconnect for electronic devices, 

patterned photoresist) typically requires either cost intensive equipment, numerous 
processing steps, and/or high temperature sintering. This disclosure describes a 
means to fabricate the lines/patterns of material with much fewer processing steps, 
thus reducing required time, equipment, and costs. For the case of electroless 
deposition, desirable material properties may be achieved at reduced temperatures*. 
Reduced processing temperatures enable the use of organic substrates or low 
temperature melting materials which may be more cost effective. 

i dlscusseo: at _ 

-a major challenge for low cost electronics Is the ability 
to obtain low resistivity (high conductivity) metal lines processed at low temperatures. 
For example, at processing temperatures of 450*C - the resistance of a "spray 
deposited" Ag line is still 5 to 1 0 times larger than that of bulk material. At a 
processing temperature of 100'C, resistance Is 100x of bulk. 

Prior Solutions For the case of metal lines, there are a few different techniques: 

1. Using photolithography (metal deposition, photoresist deposition, exposure, 
development, etching of exposed metal regions, photoresist removal). 

2. Inkjet printing of colloidal metal particles dispersed in a binder with subsequent 
annealing/sintering. Relatively high temperature may be required, as a result it is not 
applicable for many polymer substrates. 

3. Inkjet printing of colloidal metal panicles dispersed In a binder with subsequent 
processing with a laser Localized heating is possible, although laser adds cost and 
complexity. Still may damage regions of substrate. 

4. Thick films can be deposited by syringe technique. The same limitation as #2 - 
relatively high temperatures are required for the sintering of the deposited film. 

5. Catalyst deposition by InkJet and e second step of inserting entire substrate into 
electroless deposition bath. This process may lead to poor performance from 
impurities at other regions of the device. 

6. Screen printing a conductive paste followed by high temperature sintering. 



Description The major steps for metal line fabrication using electroless deposition reactants are: 

1 . Deposition of the catalyst by inkjet (well known in the art, it is not a part of the 
disclosure). 

2. Deposition (with optional delay) of metal solution from one (set of) nozzle(s) and 
the reducing agent from another (set of) nozzle(s). 

3. Multiple passes may be used to achieve required thickness of the metal layer. 

4. Rinsing of the deposited area between passes and a final rinse can be performed 
by water stream or by inkjet as well (some delay prior to rinsing may be required to 
allow completion of the reduction reaction). 

In general however, the process may be used to fabricate any patterned material 
which is the product from reactant, A, B (and C), where A, B and C... are brought 
into contact by means of inkjet delivery. The computerized/mechanical control of 
inkjet printing systems may be exploited to implement precise scheduling of the 
delivery of each of the reactants if such control Is required. 



Advantages 1 . This invention allows a significant decrease in the consumption of chemicals 
compared to screen printing or spin coating. 



2. For the case of electroless metal deposition, it enables deposition of different 
metals on the pre-seeded catalyst. 

3. It is a low temperature process for localized metal deposition. Since it Is localized - 
there is no need for subsequent patterning via photolithography and etch. The low 
processing temperature allows organic substrates to be used. 

4. The reaction products are typically nitrogen, water, and/or carbon dioxide and are 
removed at low temperatures. The process does not require the removal of binders or 
suspensions by thermal processing (either locally or the entire substrate). The high 
temperature reaction of the metal with the atmosphere, binders and/or suspensions 
may result in metallic films with poor properties due to impurities. 
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